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One of the commonly performed operations all over the world is hernia repair. Various open and
laparoscopic procedures are available now for hernia repair. They are judged mainly by the recurrence
rate following operation. The recognition of the causes of recurrence makes their prevention/elimination
possible. Articles on hernia recurrence published in various journals over the past 40 years have been
analysed. This review article mainly focuses on the causes of recurrence of hernia and their prevention.
The causes of recurrence following open and laparoscopic hernia repair have been analysed. In open
repair, early recurrences are due to faults in operative technique and postoperative infection. Late re-
currences are due to patient factors like collagen defects, age and medical morbidities. In laparoscopic
repair, technical aspects of surgery like dissection, mesh placement and ﬁxation are the important factors
which decide hernia recurrence.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Success of groin hernia repair is measured primarily by the
permanence of the operation, fewest complications, minimal costs,
and earliest return to normal activities. Of all the factors used to
compare the various methods of inguinal hernia repair, the inci-
dence of recurrence is most often held as the measure of success.
Recurrence rates of over 15% for primary repair were accepted
before the mesh techniques were introduced.1 Following growing
acceptance of nonabsorbable mesh implants and their wider use,
both in open and endoscopic repairs, reduction of recurrence rates
has been demonstrated but still recurrence occurs due to various
factors. The past publications on hernia recurrence have been
analysed in depth in this article to further understand this common
problem inspite of developments in the ﬁeld of hernia surgery.
2. Materials and methods
Pubmed search of articles on hernia recurrence published in various journals
over the past 40 years have been analysed. The various causes of recurrence
following open and laparoscopic hernia repair have been reviewed.
3. Recurrence statistics
The incidence of recurrent hernia after primary repair of a groin
hernia varies from 1% in specialized centers to 30% in generalpal).
ciates Ltd. Published by Elsevier Ltsurveys. During the premesh era, it was estimated that primary
inguinal hernia repairs had a 10%e30% recurrence rate and that the
rate was 35% for recurrent hernia repairs.2 The Shouldice repair has
been the only tissue repair with an extremely low recurrence rate
of 2.2%.3
When the results of randomized trials were pooled together, the
Shouldice technique resulted in a recurrence rate of 4.8% (58/1206)
as compared with the various control arms (Bassini, modiﬁed
Bassini, and Cooper’s ligament), where there was a recurrence rate
of 7.7% (100/1294).4e6 After the introduction of tension free mesh
repair, the recurrence rate has dramatically fallen. The Lichtenstein
repair is considered the “gold standard” against which other repairs
are compared. Results from 3019 repairs from 5 sites have
demonstrated a 0.5% recurrence rate.7
A review of the literature on the results of hernia repair reveals
that for inguinal repairs, recurrence rates were as follows3:
Bassini: 2.9%e25.0%, Shouldice: 0.2%e2.7%, McVay: 1.5%e15.5%,
Nyhus: 3.2%e21.0%.
For operations usingmesh, the recurrence rates were as follows:
Nyhus buttress: 0%e1.7%, Rives: 0%e9.9%, Stoppa: 0%e7%,
Tension-free repairs: 0%e1.7%, Plug repairs: 0%e1.6%.
4. Proposed etiology of recurrence after open hernia repair
4.1. Operation related factors
4.1.1. Experience of the surgeon
The studies coming from centers specialized in doing hernia
surgery (e.g Shouldice clinic) showed lower recurrence rated. All rights reserved.
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specialist hernia centers using the Shouldice techniquedthen the
gold standarddwere as low as 0.2%e2.7% with 100% follow-up of
over 10 or more years.8 Robson AJ et al. reported unacceptably high
recurrence rate when the inguinal hernia was operated by unsu-
pervised junior trainees.9
4.1.2. Tension
Tissues sutured under tension tend to pull apart but are pre-
vented from doing so by the sutures; however, the tissues pulling
on the sutures create an area of ischemic pressure necrosis where
the suture meets the tissue.In more extreme cases in which the
tension is greater than the strength of the tissues, the sutures
simply tear the tissues and the hernia recurs.
Forcefully approximating the conjoined tendon to the inguinal
or pectineal ligament in a Bassini or Cooper’s ligament-type repair
in cases of a high arched myoaponeurotic upper border with a
wide gap between the conjoined tendon and the inguinal or
pectineal ligament creates tension, tissue necrosis, separation of
the sutured tissues, and recurrence of the hernia. The highly
successful techniques of groin hernia repair–the tensionless repair
of Lichtenstein, the sutureless technique of Gilbert, and the mesh-
plug hernioplasty of Rutkow –are all based on the absolute
absence of tension.10e12
4.1.3. Infection
It has been estimated that 50% of recurrent hernias are caused
by infection. One third or more of infected groin hernia repairs
result in recurrent hernias.12 The suture material acts as a foreign
body, concentrating the inﬂammatory reaction around it, leading to
weakening and breakdown of the tissues in contact with the su-
tures. The inﬂammation and edema of the tissues brought about by
the infection cause them to swell so that a larger volume of tissue is
enclosed within the unyielding ring of the suture, leading to pres-
sure necrosis of the tissues. The infection leads to healing with scar
tissue that is unable towithstand the stress of the rise and fall of the
intra-abdominal pressure and ﬁnally gives way to a recurrent groin
hernia.
4.1.4. The suture material
The surgical wound gains 80% of its ﬁnal strength by the end
of six months.Therefore, it is apparent that the wound must be
supported for at least this time. Suture materials that do not
hold the tissues for at least 6 months are unsuitable for hernia
repair. Synthetic absorbable sutures lose 50%e80% of their
tensile strength within 14 days and disintegrate within a
few weeks and so are unsuitable for hernia repair. Likewise,
biologic materials, such as silk, cotton, or linen, lose 40% of their
strength within 6 weeks. Monoﬁlament stainless steel wire is
inert, retains its strength almost indeﬁnitely, and is therefore
the ideal suture material for inguinal hernia repair. The Shoul-
dice Hospital has used 34-gauge steel wire most successfully for
almost 250,000 inguinal hernia repairs, with a recurrence rate
of 1%.13
4.1.5. Suturing technique
Each small, tightly tied suture causes a triangular area of
ischemia and necrosis of the tissues it encircles, together with an
area on each side of the suture.When these sutures are placed close
to each other, their ischemic areas overlap and cause a strip of
necrosis along the sutured edges and cause the hernia to recur.
Continuous suturing techniques have a greater wound-bursting
pressure than simple, interrupted methods. The Shouldice Hospi-
tal has always stressed the importance of using a continuous suture
and taking large bites of tissue with each suture.134.2. General factors
4.2.1. General condition
The state of health of the patient may have a negative inﬂuence
on the success of groin hernia repair by inﬂuencing wound healing
and collagen production. These conditions include malnutrition,
hypoproteinemia, vitamin deﬁciencies, jaundice, prolonged in-
fections, chronic debilitating diseases, malignant disease, and long-
term steroid therapy. Markedly underweight patients are probably
at a greater risk for recurrent hernias.4
4.2.2. Smoking and chronic cough
A higher percentage of smokers than nonsmokers develop groin
hernias and recurrences after repair. Read has shown that smokers
have a higher circulating serum elastolytic activity than controls.14
The systemic protease/antiprotease imbalance in cigarette smokers
leads to fascial degeneration, interference with normal wound
healing, and an increased rate of recurrence of repaired hernias.
Many surgeons believe that cough, chronic bronchitis, and respi-
ratory insufﬁciency are important factors in recurrence of groin
hernias, but little evidence for this is available. Abramson and
colleagues showed that no signiﬁcant independent evidence that
chronic cough was associated with inguinal hernia or recurrence
was found.15
4.2.3. Growth factors
Naturally occurring growth factors and chemical immuno-
modulators stimulate angiogenesis and granulation tissue pro-
duction; increase wound cellularity, ﬁbroblast proliferation, and
collagen production; and increase the breaking strength of
wounds. Patients that develop recurrent hernias may produce
insufﬁcient amounts for strong healing and maintenance of the
repairs.16 The mesenchymal metabolic defects and the hereditary
connective tissue disorders cause not only a disproportionate
incidence of primary groin hernia but also a high incidence of
recurrent hernia.
4.3. Local factors
4.3.1. Size of hernia
Large inguinal hernias recur twice as often as small ones
because of overstretching with attenuation and destruction of tis-
sues normally used for repair of the hernia.17
4.3.2. The cremaster and hernial sac
The cremaster muscle should be completely divided and excised
to expose the entire posterior wall of the canal and the margins of
the internal ring so that these structures can be accurately incor-
porated in the repair. Prolapsed preperitoneal fat–"lipomas"–is best
excised but can also be returned through the internal ring into the
abdominal cavity. At the Shouldice Hospital, excision of the cre-
master muscle is stressed. A bulky cord interferes with the repair
and also with reconstruction of the anterior wall of the canal.4 High
dissection of the sac well up into the retroperitoneum and the
freeing of the sac from the edges of the internal ring are important
for the prevention of recurrence of the hernia.
4.3.3. Missed hernias
Failure to recognize or repair the original hernia, as in the case
of a "missed," or overlooked sac, may be the cause of a "recur-
rent" hernia. Obney and Chan reviewed 1057 recurrent inguinal
hernias and found that a total of 37% were indirect inguinal
hernias; 8% were femoral hernias; and 10% had two or more
hernias present. These hernias are referred to as "missed" or
"retained" hernias.18
Table 1
Possible causes of recurrence after laparoscopic inguinal hernia repair.
Cause Types
Technique Insufﬁcient extent of dissection
Missed hernia
Preperitoneal lipoma
Suboptimal mesh placement
Inappropriate mesh ﬁxation
Mesh lifted by Hematoma
Material Microporous mesh
Heavyweight mesh
Mesh shrinkage
Size too small
Mesh slitting
Risk factors Collagen disease
Smoking
Obesity
Malnutrition, Anemia
Diabetes
Chronic lung disease
Steroids
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A femoral hernia may also appear after inguinal hernior-
rhaphy because of upward tension on the inguinal ligament
opening up the potential femoral canal. For these reasons, the
appearance of a femoral hernia after inguinal herniorrhaphy is
regarded as a recurrent hernia. It has been suggested that in-
clusion of iliopubic tract while repairing the inguinal hernia
covers the femoral canal and prevents occurrence of future
femoral hernia.
4.3.5. Mesh
Ideal mesh characteristics include a porous material that would
allow tissue ingrowth. The material must be reactive enough to
stimulate ﬁbroblast ingrowth, yet inert enough to minimize foreign
body reaction, allergic reaction, and to reduce infection. The mesh
must have enough strength to protect the groin and prevent early
recurrence. Finally, it must have ﬂexibility to accommodate the
forces applied to the groin as a result of activity, and it must avoid
fragmentation. The most commonly used material for mesh repair
is polypropylene mesh.
4.3.6. Medial recurrence
The medial recurrent hernia at the angle between the rectus
sheath and the inguinal ligament occurs when the buttress has not
been constructed sufﬁciently medially onto the pubic tubercle and
beyond. It may also occur when the medial angle is closed under
tension by sutures between the rectus sheath and the inguinal
ligament.
4.3.7. Early mobilization
Early mobilization and return to normal, unrestricted physical
activities and hard work in the immediate postoperative period do
not cause recurrences. On the contrary, persons with sedentary
occupations suffer double the number of recurrences as those
performing heavy manual labor.12
5. Recurrence after laparoscopic inguinal hernia repair
The advantage in laparoscopic repair is placing of the mesh at
the deepest possible level. It is less likely to be involved in any
infection in the superﬁcial layers of the wound, which could lead to
the serious situation of graft infection, which often terminates in
recurrence of the hernia. The recurrence rates for laparoscopic re-
pairs have been: Trans Abdominal Pre Peritoneal (TAPP), 1.0%e4.3%
3; and Totally Extra Peritoneal (TEP), 0%e0.4%.19
The possible causes after laparoscopic hernia repair has been
listed in Table 1.20
5.1. Incomplete dissection
The predominant mechanism of recurrence after laparoscopic
hernia repair is incomplete dissection. Complete laparoscopic
preperitoneal dissection is tedious, but inadequate dissection re-
sults in poor overall assessment of the groin ﬂoor, missed hernias,
and insufﬁcient delineation of fascial structures.
Incomplete dissection leads to a number of secondary mecha-
nisms of recurrence, including insufﬁcient prosthetic size and
overlap, incomplete ﬁxation, and lipomatous hernia recurrence.21
Despite the correct and stable mesh position; there is still a
limited risk of a late sliding of the retroperitoneal fat under/in front
of the mesh into the enlarged inner ring. Fiennes and Taylor think
that desufﬂation after laparoscopic herniorrhaphy tends to elevate
the lower edge of the prosthesis and predisposes to migration of
the inferomedial aspect from the space of Retzius in the presence of
a direct defect.22 So it is recommended to ﬁx the lower edge ofmesh with staples or sutures by carefully avoiding the neuro-
vascular danger areas.
5.2. Inappropriate ﬁxation
The mesh ﬁxing sutures or staples must be placed in good,
strong tissues as far from the weakened tissue around the hernia
opening as possible; otherwise, they may tear out and a recurrent
hernia may emerge through the gap between the edge of the
hernia and the separated edge of the mesh. The issue of ﬁxing or
nonﬁxing the mesh is still a controversy. There are reports of
excellent results with meshes that are not ﬁxed.23,24 There are also
reports showing increased risk of recurrence when the mesh is
not ﬁxed.25,26
The reported recurrence rate was lower with a large well-
anchored mesh.27 In another study, the causes of recurrence were
smaller mesh in 60% cases and insufﬁcient ﬁxation in 30% cases. In
20% cases, the hernia was never repaired. Technical factors were
found responsible for nearly all recurrences.28
Dion et al. studied the effects of staple placement in a dog
model. Using a 5 cm  7 cm polypropylene mesh ﬁxed with either
16 or 4 staples to cover a 3.5 cm  5.0 cm abdominal wall defect,
they measured the bursting strength at 2 days, 2 weeks, and 2
months. The bursting strength was signiﬁcantly higher in the 16
staple group at all periods and the bursting strength increased in
both groups as the study progressed.29 It is thought that all defects
should be overlapped by at least 2 cm if stapled and 3 cm if not
stapled.21
5.3. Mesh slitting
The ongoing discussion about the usefulness/necessity of the slit
in the mesh was well responded by Leibl et al., in 2000. Avoiding
slitting of the mesh and increasing its size reduced their recurrence
rate from 2.8 to 0.36%.30 If the slit edges are not reapproximated
adequately, an opening is present for recurrence. Slitting also may
be a disadvantage because it places the prosthesis in closer appo-
sition to the iliac vessels, thus leading to difﬁcult dissection if
vascular or transplantation surgery is required at a later date.21 In a
multicenter study, additional technical errors were identiﬁed.
Missed cord lipomas and herniation through the mesh slit, inade-
quate dissection, insufﬁcient overlapping of the myopectineal
oriﬁce, folding or twisting of the mesh and dislocation due to a
hematoma.30,31
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The early group of recurrences is mainly caused by failure on the
part of the surgeon (technical errors or tension on the suture line)
and by infection. Those appearing after this time and even many
years later make up the smaller late group commonly blamed on
tissue failure. Late recurrence results from defects in collagen
metabolism as the patient ages, with thinning of scar tissue and
continued inherent weakness of the inguinal ﬂoor.
In laparoscopic hernia repairs, correct and generous dissection of
preperitoneal space adequate mesh size, wrinkle-free placement of
the mesh and ﬁxation of mesh seem to be the more important fac-
tors in avoiding recurrence rather than strength of the material.
Special attention should be paid to preperitoneal lipoma as a possible
overlooked herniation or potential future pseudorecurrence despite
nondislocated correctly positioned mesh.
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